Introduction

▼Microplate-array diagonal-gel electrophoresis (MADGE)
was invented by Day in 1994 (Ref. 1, 2) to enable compatibility between microplate-based liquid phase reactions and polyacrylamide or agarose-gel electrophoretic analysis. In MADGE, a microplate-compatible array of wells is turned on a diagonal relative to the line of electrophoresis so that samples can run on a long track between the wells (Fig. 1 ). This means that the 96-well format can be coupled to high sample resolution.
Microplates occupy an analytical 'middle ground' in throughput between test tubes and microarrays, and MADGE can now meet the associated electrophoretic requirements at this level. The natural scalability of MADGE enables high throughput in large laboratories while its simplicity facilitates distributability between smaller laboratories. The set-up and running costs of MADGE compare favourably with other techniques (Ref. 3 ) and most electrophoresis-based analysis should be feasible using MADGE. The invention of MADGE was driven by the higher-throughput requirements in human singlenucleotide polymorphism (SNP) genotyping, and similar requirements for de novo mutation scanning have further spawned the invention of melt-MADGE. This set of core protocols reflects the origins of MADGE but the scope of MADGE extends in principle to any higher throughput genomic analysis.
In a short series of four articles for Technical Tips Online, we describe the developed components of MADGE. This first article reviews the use of MADGE for analysing simple patterns of polymorphism such as those generated in
Corresponding author: rhg@soton.ac.uk standard restriction fragment linked polymorphism (RFLP) and amplification-refractory mutation system (ARMS) reactions. The second article describes how to adapt the basic MADGE system to analyse PCR reactions set up as higher density arrays, as in 384-well plates. The third article describes changes made to the procedures to produce a high resolution system for situations in which accuracy and precision are paramount (e.g. the sizing of microsatellite markers). The fourth article describes temporal-thermal-ramp electrophoresis MADGE (melt MADGE), in which the analysis of duplex melting provides a method of de novo mutation scanning.
MADGE in simple PCR checking and SNP genotyping
MADGE gels can be used to check any array-based PCR reaction, and it lends itself particularly well to SNP genotyping. MADGE gels can be used in genotyping reactions using RFLPs. However, as restriction enzyme costs are often prohibitive for genotyping 'scale-ups', MADGE is generally used in conjunction with allele-specific amplification assays such as ARMS (Ref. 4) . ARMS-MADGE is usually set up as a two-reaction system. Both reactions have a common primer near the SNP of interest but each contains a different ARMS primer specific for one of the two SNP alleles. PCR amplification is verified by the inclusion of control primer pairs in the reactions. Alternatively, both reaction can be performed in the same mix as a tetraprimer PCR (Ref. 5). Examples of our standard RFLP and ARMS genotyping protocols suitable for use in conjunction with MADGE are described in Table 1 .
Standardization of PCR reactions for subsequent MADGE analysis
For this protocol, it is assumed that readers have optimized PCR genotyping reactions and now wish to develop their FIGURE 1. Schematic diagram of a microplate-array diagonal-gel electrophoresis (MADGE) image. The squares represent the wells and the lines represent the bands in the lanes. Using ethidium bromide staining, the wells are only visible as a dark image in a dark background, whereas the bands stand out brightly in a regular array. Although seemingly complex, the human eye and brain are efficient at pattern recognition. For example, here, only track H1 contains a doublet. The set-up is such that well A1 is placed nearest the cathode.
assays to allow high throughput screening. To this end, we recommend standardization of assays to the following format. 
MADGE principles and procedures
As many assays are set in a 96-well format, MADGE was designed to preserve the configuration and 9 mm pitch of an 8×12 microtitre plate array. However, in the standard MADGE gel format, the array is set on a diagonal of 71.6
• by the equipment, giving a final track length of 26.5 mm (Fig. 1 ). Thus the advantages of maintaining a 96-well format (such as 96-channel transfer of samples and information) can be coupled to high sample resolution (Ref.
2). MADGE gels can be made using a two-piece MADGE kit (MadgeBio, M0011) consisting of a plastic 'former' with 96 2-mm cubic 'teeth' and a plain glass plate. The former www.sciencedirect.com 
Preparation of MADGE gels
First, coat one surface of the plain glass plate with 'sticky silane' [99% ethanol, 0.5% glacial acetic acid, 0.5% v/v γ methacryloxypropyltrimethoxysilane (Sigma, M6514; Table 2 ]. Use the edge of another glass plate to spread 1 ml sticky silane as evenly as possible. When dry, wipe the surface with a damp tissue. MADGE gels can be poured in two different ways. The first is to lay the MADGE gel former horizontal, with the teeth upward, on paper towels or in a flat tray. Ensure the broad border is nearest to you, with the array closest to this short edge. Then mix 35 ml of the required gel mix (Table 3 ) and pour this mix into the nearest end of the MADGE gel former (Fig. 2a) . Carefully place the glass plate (sticky-silane side down) over the former. It is easiest first to place one end of the plate over the broad edge nearest to you, and then to use one smooth, continuous action to lower the other end down (Fig. 2b-d) .
The second is to place the glass plate over the former, leaving a small gap next to one of the broad borders (Fig. 3a,b) . Hold the plates together with one hand and tip the plates to a slight incline so that the gap is at the top end. Carefully pour the gel mix into the gap so that it run down in between the two plates and fills the mould up from the bottom (Fig. 3b-d) . This method allows gels to be poured without any acrylamide overspill.
Once the gel has been poured, align the glass with the outside of the former to give a gap at the far end, ready to prise away the former when set. A weight (e.g. a 50-100 g bottle) can be placed centrally on the glass to ensure uni- 1 ml Make up every few days and store in the fridge.
form gel thickness. Once the MADGE gel has set, take a flatended spatula and place under the edge of the glass, where there is a 2 mm gap. The glass plate with gel attached can then be prised away from the former. It is frequent practice in our laboratory to pour batches of gels, because making the gel mix takes longer than pouring the gels. Gels can be piled together, wrapped in cling film It is also possible to use a 'dry' electrophoresis system and this is described in the next article in this series.
Visualization and analysis of MADGE gels
Gels are usually prestained with ethidium bromide at a concentration of 1 µg ml −1 by gently agitating gels on a rotary www.sciencedirect.com shaker for 30 min. Prestaining aids tight band patterns but poststaining does give acceptable results. Given that the human eye and brain are extremely good at pattern recognition, small-scale gels can be read manually, to reasonable resolution. However, the use of digital imaging systems [e.g. a Fluorimager 595 (Molecular Dynamics)] and suitable software greatly facilitates analysis. MADGE-specific software is commercially available where specific requirements for analysing MADGE gels incorporate or replace the features and facilities for standard gel analysis. Phoretix 1D Advanced analysis software (http:// www.phoretix.com/1d.htm) can take TIFF files from either a standard CCD camera or a flatbed scanner (e.g. the Fluorimager 595) and selecting the MADGE mode allows the identification of the 96 gel tracks. The standard gel analysis facilities can then be used for densitometry, molecular sizing, retardation-factor adjustments (which account for lane-to-lane variability) and band-pattern matching. Results are presented in spreadsheet format so that data can readily be exported for genotype analysis. A step-by-step guide for used of MADGE software and the Fluorimager 595 is presented in Box 1. Dyes such as Vistra Green
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An image of the MADGE gel is digitized by Fluorimager scanning using a PMT voltage setting of 800 V with a 514 nm excitation filter and a 610 nm red-glass long-pass emission filter. The image is saved as a 16-bit TIFF file with a '.gel' filename extension. (Digital images from a standard CCD camera are also suitable for this application.)
Import into analysis software
The gel image is imported into '{Phoretix 1D Advanced}' image analysis software (http://www.phoretix.com/1d.htm) by selecting the 'New Experiment' option and then selecting the filename of the gel. Analysis of MADGE gels is supported within the software by selecting the 'MADGE gel' option from the 'Analysis' menu.
Lane creation
There are three steps to creating lanes click on the 'Naming options' button. This allows the naming scheme to be set up for your array, using letters or numbers in ascending or descending order for both columns and rows. These settings can be stored by selecting 'Save template' from the 'File' menu.
Clicking the 'Accept' button completes the operation.
Allele calling
Select the 'Matching' option on the 'Analysis' menu. This generates an image of the 96 lanes in a single row. Select the 'MADGE lane classification' option from the 'Matching' toolbar and, in the left-hand window, assign allele calls to the numbers on the numeric keypad. Then, select the first lane with the mouse. Allele calling is now performed by pressing the button on the numeric keypad corresponding to the genotype in the highlighted lane.
Data export
Select the 'Match table' button from the toolbar at the bottom, then click on the 'MADGE' tab. The resulting table can be exported by selecting 'Copy current window' from the 'Edit' menu, then pasting into a spreadsheet. There is also a 'Copy current window to Excel' option for direct export.
(Amersham Pharmacia, RPN5786) are more sensitive than ethidium bromide, allowing detection down to 20 pg. Other dyes (http://www.probes.com/) should allow RNA, ssDNA, oligonucleotide and multiplexing applications.
ARMS and 192-well MADGE
Setting up ARMS assays from 96-well arrays generates 192 reactions. A 96-well MADGE can be repeat loaded with the second allele reactions after a few minutes of electrophoresis. Alternatively 192-well MADGE gels can be set up using the appropriate former (MadgeBio, M0141). Here, a second set of wells is located half-way along the tracks of the first and samples so that the two allele-specific reactions can be run in series (Fig. 4a) . Although the gel tracks are shorter than the conventional MADGE system, the resolution produced is sufficient for SNP genotyping reactions. For computer analysis of 192-well MADGE gels, the two allele-specific tracks are treated as one lane. The Phoretix 1D Advanced software can then be used to create and name lanes, and the MADGE lane classification option can be used to assign allele calls (Fig. 4b). www.sciencedirect.com
